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ABSTRACT 

This report .snmniiirizcs the iiistruiiuiitaliun development effort 
that was initiated at the Arnold Engineering Development Center tu 
effect plasma diagnostics during the long-term testing of electrical 
propulsion systems.   Two different ion beam sources were instru- 
mented to obtain the basic properties of the plasma,  such as the 
electron temperature,  electron and ion densities, and the space 
charge potentials.   The basic instrumentation required to effect 
preliminary diagnostics arc the "plasma eater, " the positive ion 
probe, the Langmuir double probe, the Faraday cup, and the emis- 
sive probe.    With these devices,  it is possible to obtain both integral 
and differential measurements of the beam characteristics.    Analysis 
of the data is also included. 
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1.0  INTRODUCTION 

Tin- li.isii- ul)jrrtiv«'S ol' tin   ui.^ti iiiiuiit.il imi icsraich liv lln- Klcc- 

tiu .il  IViipiilMun (iroup   .in- tu iiivrli)p rlcrtiii al priipulsiuii ilia^nu.slic 

miMMiriii^ .mil inmuluriii^ Ifiliiuii'ir.s m .niiliiiKii to csiablishin^ Hlandai'd 

piiniiluns for ral ilir.it 1011.    These icscnch rfforl.s (lepciul inatiTiall v 

"ii tin- iiil'unn.it imi imw ulitaniiil llirou^li tl;i- UM- of IcLliiiitiuc.s ami devices 

i-slal)!i.sluHJ In tins program, 

i'wii liasic um suufiTM wiic ruii>truittMJ fur the pridiminary .studies, 

Tlif oscillating election ion ^1111 is a modified mass spectrumetcr source 

that was ulUaiiied from Oak Hiil^f National I.atmralurie.s.    The ^un con- 

sists of a filament providing an election beam,  oscillating in a magnelic 

field,  which bombards and hence ionizes the ^a.s.    The positive ions are 

collimateil ami extracted In  mean- of slits in the acceleration plates. 

.\rj40n ^as was initially selected liecau.se of its hi^li mass and hiyh prob- 

ability of bein^ sin^lN  ioni/.ed.    Tlie operating system is shown in Fig. 1. 

Measi'i'cd plasma properties included electron temperatures, 

charged particle densities,  and space potentials.    Problems of relating 

plasma properties to axial  distance could not  be  resolved because the 

ariMMi flow could no! be strin^eiith  regulated.    In addition,   the flow had 

to be inlernipted to rdocati   instruments alor,^ the axis of the small 
research 1 ell. 

A lithium ion ^un wa.^   also designed and lonstructed to be used as a 

reliable ion source,   producing singly ionized particles that were rela- 
tively  free of neutrals,    The ion turn was constructed from a one-inch by 

one-inch platinum mesh filament and coated with Mela-eucryptitc 

(l.i^n  ■    AlvOj   ■    liSi()'j).    Thi'ec accelerating and focusing plates were 

mounted between Hie filament and the neutral i/.cr —a tungsten wire en- 

circling the exit aperture.    The device is shown in Ki^s,   2a and b.   The 
first accelerating plate was connected tdectrically to the emitter fila- 

ment and was maintained at filament potential,  approximately 1, ÜÜÜ 

volts above ground.    The second plate was biased in the rangt! of 200 to 

'M){) wtlls negative.    The exit plate was tied to ground. 

The Bela-eucryplile coating on the platinum filament was fused to 

a gloK.sy solid condition by healing to a temperature of approximately 

^Office of the Chief Scientiot,  ARO,   Inc.,   Arnold Engineering 

Development Center (AKIK'),   Air Force Systems Command (AFSC). 

Manuscript received October liHiT. 
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l.tüOT l'or .MAII.II iiiiiuitr.s .il |iri-.sMiri;, l» luv.   lo' ' idtr.     Ihr .n i t-li-r.i- 

tloil pl.tli-.'   weil- ii|ilnall\   .il if.;iiii| l)\  dl illini; .ill o.il Imlf.s siliiull;iiiri»ii.slv 

Tlii' .11 iil - ilricl seht Hu- w.is UMii willi a iii.i Minimi .nc « N raliciii uf 

I, DOi) wilt.s .nid .i iiiimiiiimi ilt rt lii .il um |)t»trMtial «'i .i|)|)r()xiiiiat«l\ 200 

voll.--.   In |>ii\i-iil riiiliuiis li «'in IIIMIII>.UIIIII(; Uli' iun Iil ainrnt.     .\ lii-ain 

ul MAIT.I1 Iminliiil in irni.inipii i.'- wa.- nhlaimd uMiif.; lln.1- smirrc .il a 
l'll.iliuiit tiiiipiiMliirr ul' .i|i|ir()\iiiiatil\   I.IDirC. 

'I'lif II.IMI   rcMMiih icll,   .i '.!.)-null-Idii).; In  M>,-IIUII In  six-intli 

rross srilimi,   was maiiitaiiud in Ulf  I0'J lurr ICIMOII iluriii^ all dpi ra- 

tions.    Tins s\ stein is sluiwn in Kp'..    i. 

A tlnir-ilinct lonal,   prulir liMVinsc stand was asscinhjcd,  and a 

iTinoval)!»' plfxi^las.s tnj) alluvvi'd nhsrrvalion of i'ii^inc oprration and 

pidhr iniiVfiinnts.    Pnsition rf|)iMtal)ilil\ was salisfartun for initial 
n-scarcli .ipplicituuis iisni).1, ()nl\ optical alignment.    Over IK) percent of 
the cell volnnie could he probed.    The properties iiie.iMireil in the plas- 

ma brain iiulndcd cliar^ed particle disl rihnlion and densities,   electron 
teinpei atures,   .nid plasma potentials. 

2.0  BASIC INSTRUMENTATION 

2.1   PLASMA EATER 

2.1.1   Discussion 

One of I he basic inslnimeiils used in the rxpcrimeiils lo measure 

the rate of flow of a plasma discharge is the "plasma cater" (Kef.   1). 
The device consists of a 1 le mal ('1 v ci iniiecl ed,   closels   spaced,   metal 

plates and  is shown  in  fii;.   ■!.     In our cxperimrlits,   the plasma eater 

was used both as a collector and a double l.an^muir probe.    The larjLjc 

col jecl.mi.; area  m a small volume enabled the recording of stable and 

repealabie voil.-ampere cha racier ist i cs of Hie  rclalive.lv  lou-dcnsil\ 
ar^on discharge.    The simple circuit used lo obtain the characteristics 

is also shown in Ki^.   -1.     Ki^ure a shows a lypical volt-ampere charac- 

teristic curve obtained from the probe.     Analysis of the characteristics 
follows the technique previously developed (Hcf.   2).    Since detailed 
IheoreLica!  jjack^round for the use of the floating; double probe is avail- 

able,   in the reference,   only a brief introduction lo Ulis theory will be 
iliseussed. 
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2.1.2   Analytic ol Data 

If .1 M.ixwrll - Htilt/.m.uiii vrlix ity tlistcilnilKin i.s usHiiincil,  lln- i'xprfS' 

.sinti fur the tm.il |)i)siiivi- lun imniit ii'.icluiin »M'II plulr is fjivi-n by 

i       '■ i 

V, i,, ix|. 
K I M' (II 

wlicic A | and Ao iiprcsciit the .sum nf Hie cullcct in^ areas of the two 

.sets  of plates,    i(.]   and  i,/)   leprcsrlit  tile   respertlVe eleelroil curi'ellls, 

\'1  ami \'-) e(]iial the rcspcitive plate voltages with respect to the plas- 

ma,  aiul T,. is the elertnm leiiipcialui't'.    The potential distribution 

between two adjaeeiil plates is shown in l'"^.   (i.    Since the sum of volt- 

ages around a closed loop equals zero, 

V      \        \.      V,      n (2) 

Combining this result with the e(]u,itioii for l i., and taking the logarithm 

vields 

.\ ,       I,,,. (3) 

wher 

.mil 

k l 

M.   >o\.  i 

'Phis is an equalion of a straight line when plulti.'d on s<.,mi-lug paper. 
s  i . e 

.A plot of ~ -L   -   I vs V(| ha.s a .sli)|)e of - , ihn.-, determining Tt, 
i,,v» K 11■ 

direetlv.    Figure ;> shows a typical volt-ampere characteristic from 
lip 

which values ol -; -  1  were obtained and plotted in Fig.   7.    The alopo 
'(■2 

yields an electron temperature of  11)2, ()()()0K.    The I'lectron tempera- 
lure was also calculated by the c(|uivaleiil resistance method (Ref.   2). 

Kquation i'.'i) may be written as: 

Differentiating i(1^ with res|)ect to Vd and evaluating at Vj     0 yields 

(4) 

.iv. 
\,|       o 

(,;    .     I )' (5) 
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Solving I'm1 \\- ami siib.stjlutin^, 

I, ll.HMI 

l..t    (, 

tllCII 

I , I I.(.(HI   K.   -    (.'i    {l 

■i ''., 

I 

\.i        " 

\,,        II 

(•') 

I.        ;I.(.IMI K,   ■   (,• i    |H,, 1,,.)   ul,,,, II 

\ ,       u 

Il0     2. 22 x IÜ   'oliins,  aiulTc     li.:-i, i)()i)uK,  which ii^rcrs (iiiile w«-ll 
with ri-Milts from the .scmi-lo^ plot.    Krom electron temperature ami 
probe ^eometiA,   ion ilensit^  anil floating potential can he calculated: 

K I I.M, 

I,  \l. 
JIMI \.,||s (7) 

I . I I       v       I I 
I.H   \    in' (H) 

where 

As     !i:i cm- 

[•'or several ar^oii flow rales and probe positions,   ranges of electron 
li'inpcrature and di'iisities were determined as 7a, ()()() to 225, 000oK 
and  10"' In II)    idii/cm   ,   respectively,   with a total acceleration of 
(iOO volts. 

Axial plots of electron temperature would have been useful in 
defining the plasma discharge,  but they eould not be accurately made 
because of poor regulation of the ar^on flow. 

2.2  POSITIVE ION BEAM PROBE 

The positive ion probe (Kef.   3),   as shown in Kig.   ti,   consists of 
Reta-eucryptite fused on a strip of platinum gauze,   two focusing' grids, 
and a collector plate.     Hepresentative plots of collector current as a 
function of the acceleration potential are shown in Pig,  9.    With the 
plasma present,  there is negligible ion....transmission until Vmin is 
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.illaiiH <l.    At ilii> |)i'iiii,  tluit- i;. .1 i ,i|ti.l int it-,IM- in liMii.sini.ssiuii lllllil 

V'in%,x '' ''•■•', I'1 >'.   win!«- i "llii lur i uririit is tin- saint' as with nu 
pl.i.sm.i JIIIM nt.     I'll«- pl.iMii.i pnti nti.il is l.iki-n as the value of acit-lrra- 

tUUl pnti nli.il   ttluir tin   li.ilf IIMMIliuin i i>l|i( tur rurii-nt   is t r.illSlll illrd. 

Tin- HI.i-MIII nu i ulli i Im   i in i i nt  .'.ill. |I1.IMII,I pii .siiit w.is iniTfasril 

il)i>\i    tin    i-\|ii-i-Iri|  V.llur   Wlull  rilll>   Wi-IT  lli.idi-  .it   pi'i ■ > SII I'IS   ahnVf 

It)"'   lufl'.       I'lll,--   DIIM  TViil  i ll.UMi li  ll.st |r   W.IS   |l|-(>li.ilil\   CUlSitl  l)V   in- 

ili.iM-il  luIU.'.it lull  ul' IMI K;; I I'Ull'l I:.IM-.-..     Tu i-MS'lI«'  lll.lt  Ihr  rulli-rtiir 

siinliiiii^ ul' tin- imi |IIUIH   \'.,I.-   .nli-iju.ilt-,  tin- luliuwin^ piuii-ilurr was 

usnl hi-lun   i-.nl. ti.-l  run.     I'l.i- .ir;.;uii ion flow was i-stablislu-tl,   ami tilt- 

puMiivc imi prulu- upi r.iti-il .is usu.il thruu^liuut tin- ,nrrli-r.iliun pulrii- 

ti.il IMIIL;I',  Imt with tin- prulu- lii-.iti-r iiirrt-ni uif.    Ni-^li^iblr lullrctur 

iiirniil was uliM-r\i-iJ,    Tin   r.m^r ul' pi.ism.i pul»-iitial fur thcsr expcri- 
nit-nls was frum  lim tu L'I'll vult.-.     Tin- must i ipru.hnihlr vull-ampiTf 

iliararli-ri.'-t n> wi-r<- niailf at luwi-r pri-ssun-s,   luwn- plasma ilnisitic-s, 

aiul llius luwt-r plasma puti-iilials, 

2.3 LANGMUIR DOUBLE PROBE 

2.3.1 Discussion 

A Min i - .mtuin.it ii ,   I ,.iiiL',ni ii i ,   iluuhlr |ii uln- circuit was also used 
in probing ihc ilisiliar^r (l-'is^.   Id).    Tin- problem of isolating the float- 
ing einuilrN  frum ^ruinul was sulved lo a decree that ion current coni- 
pnisatiuii was nut nei-essary.   Since the iluuble prulu- plates were subject 
lo ionic bombardment while a volt-ampere characteristic was being 
made,   tin-    ion current ' leak,   M- tu gruund resulted in a zero shift. 
However,   this shift was minimized b\  careful shielding ami isolation 
of the final iiiL', circuit  ami was dialed out  in the XV  plotter.    Inslruments 
(1) anil (V) were Keitbh   Model liOll.A electrometers; A] and A^ were 
Dvnamics Model .illl) d-c isolation amplifiers.    To obtain a volt-ampere 
characteris'lic,   S]  was held closed momentarily and then released,   pro- 
viding an i'Nponentialh decaying voltage sweep frum • 150 to -150 volts 
with a lime constant of approximately ii seconds.    While the time of the 
voltage sweep should be kept, as short as possible,   noticeable a-c cur- 
rent was passed through the capacitive geometric arrangement of the 
plates at. higher sweep rates.    A typical characteristic is shown in 

l-'ig.   11. 

2.3.2   Analysis of Data 

The basic relations facilitating analyses to obtain plasma proper- 

ties from this example are as shown on the following page1. 
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Klfctruii ti'iiipciMlurc: 

I, ll.dlM)   (I.       (,' >   II 

VVlliT-' 

li'(|uivah-nt 
ll,,    | ITS ist.HUT 

llli'tliod 
CO 

(10) 

II,.,  I, ., ■mi  2.1,, .in    HIHIUII  in  \tü,   II 

I , 7(1.',()((   K 

I'sin^ thr appruximati' cxprrssiun fi)r flüatiny puliMitial,   Vf (with fcspt-ct 
tu spac1!1 pütciitial), 

K I 'A 
M-T, 

(ID 

WlltTC 

T(. lias  hrm lalculalcd, 

I"    is taken as the cmissiun temperature of Reta-eiici'vptite, 
approximati'l)' 1 7()U0K 

Mp is a mass uf a lithiimi atom 

Tims, 

\ I.1H     v     III .11".     v     III" 

v      I.I.     x      III""" 

"jr.   x   m     v   i. ,   v   m   •■ 
1.7     x      III1      v     'J.I      v      III'   " (12) 

()') M.lls 

Ion drnsilv is 

where 

(U) 

As is taken as the areauf Ihr ri'etangnlar plates,  approximately 
Ü.4Ü5 cm2 

i(,2j   as before,  is 1 1 x 10"      amp 

I/J is an accumulative constant -   1. .'M x lO^' 

nus. 

\,        '■:il   v   |,,;'    '   (1.1   x   Id-'") 
().'l0.ri 

:i.|.2 x   lo"   ""'    ' 

. I.'.    s     ID    ' 
1.7    \     10' (14) 
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Voll-.imprre i-li.ir;i(trii.stics wt-rc rcpcatal)!!' if tin- pla.sma Hourci- 

was not alttTfil. 

2.4  FARADAY CUP 

2.4.1 Discussion 

KaiMilay cups arc small "point'1 rulltitors.    'I'licv lonsih't of an 

ein loMiiv with a small opening point toward th»' dischar^f ari' con- 

lauun^ scVfi'al biasing grills so that a partirular ihar^cd particle can 

he ilcti'ctcd on a i'oliccliny plate. 

A  l-'aradas  tup was designed and constructed to measure ion den- 

sities directly,   and also to serve as an indication of neutral particles 

in the beam.    '1 he schematic of the Karaday cup is shown in i-'i^.   1L'. 

The No.   1 screen was biased to suppress electron entrance to the cup. 

The No.   2 screen was biased to suppress secondaries from the first 

plate.    Ion impingement was monitored throu^li an electrometer at the 

first plate,    The diameter of the device was 3/H inch,   and the length 

was !J/4 inch. 

2.4.2 Analysis of Data 

Calculation of ion density is shown below: 

or 

\ 
\    M 

\     .'I.JH x nr \\ (15) 

wnci'e 

M - mass of lithium ion -   1.5 x 10     ' kilograms 

Area of the entrance aperture ■   2. 15 x 10'" cm" 

Since 

A\        \    '..2H    x     111'    \    J.l',    x     ll)";    x     l.d    x     l()' (16) 

tilLMl 

Ni ! C.r, x   l()u)   "'" 
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Kur llu- abuvr cxainplc,   v.lun- tin- l.-m^miiir.  iluublt- probe,   voll' 
ampci't' ili-T.nUii.sih  VV.IM analv/cil,  Ihr l-'arailay cup was lucati'd in 
Ihr samt- iiii^hljorhooil of llu1 iluubif pi'ubr pluti'K,   Thi* colli'dor cur- 
mil was  1,2 x ll)'1'* amp,  and llu- aiifli ralion vultu^i1 was '22i) volts. 
Thus, 

\. i ..i m I.;   .  in  ■ .  ■..    <  in" 

\ •'■"■ 

Uhilf tins v iluc is almost an unit r of magnitude l.ir^cr than the cal- 
lulalfil ilonblc probr valilr,   it  is  lilt that tllf a^i'rcilU'llt  is ^ood i'oii- 
siih-rin^ ihr aciuracus of Ihr imasuicil parameters, the slight 
ilifference in location of the two devices,   and the finite time required 
tii obtain thf doublf probe characteristic.    Since collection of the 
Karatbu cup can be varied through certain bias ranges of the two 
control screens,  the calibration technUiue for proper use of this col- 
lector is ^ivtii below. 

(17) 

In Ki^.   13 a ran^e of voltage was ap|)lied to the suppressor screen 
for several discrete negative voltages on the electron suppressor 
screen (No.   1).    The bias combination that resulted in constant col- 
lection on the No.   1 plate was selected as the proper bias arrangement 
for direct ion current measurement.    The impingement on the No.   1 
and No.   2 screens was observed to be negligible compared to the ion 
current at the No.   1 plate (  2 orders of magnitude). 

An attempt was made to measure neutrals in the beam with the 
Karaday cup.    Th" No.   2 and No.    1  screens were biased positively and 
negatively,   respectively,   until negligible collection was made on the 
first plate.    The tungsten wire was then brought to emission tempera- 
ture and collection was observed on the second plate,   which was biased 
negatively approximately II) volts.    This collection was a result of 
ionization of the residue gas and was not noticeably changed when the 
discharge was interrupted.    This observation indicated that there was 
a very small percentage of neutrals in the discharge. 

The gross effect of beam neutralization by electron injection has 
been observed.    The 25- x (i- x (i-inch vacuum chamber was electrically 
floating from ground.    Four steady-state modes of operation were in- 
vestigated:   floating the chamber with the neutralizcr on and off,  and 
grounding the chamber with the neutralizcr on and off. 

The results of sweeping the discharge with the Faraday cup in 
these four modes of operation are shown in Figs.   14 and 15.    For 
these collections,  the No.   1 plate was biased approximately 10 volts 
positively,  to cause a return of secondary electrons.    The No.   1 and 
No.   2 screens were floating",   and the outer shield was floating for all 
applications of the Faraday cup. 

B 
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III  .i  tl r.ilim lit  ul' Ihr  |>l ulili in  uI* tlllli-|||t|i-|)r||(|t|lt   MllMIl^  for  tin- 

injii lion ul ilfiiiniis witli .in uiili.il vrlunts  ili.striliiillon (Hrf.   i),   .1 

.sulutioii i> >i||Vi(il l'ur inn .iinl 1 |i ttitin ili.slrilitititm.s .H ru.s.- .1 .sj.il) tif 

.1 ill.-i li.U^i-  win rc  rlii I run.-,  Ii.i\i    In 1 11 iinitliil ,il  tin- ri|f.;i-  ul' Ihr  lull 

In .im iiiiuii ili.ili'K  .illrr .11 ri In .itimi ul tht' iwn.s. 

i'\ 

.11 

1' \ 

\ 1   i'i.li       I 

Im ' •"     >  . -' 

• \|. 1 ■ \   1 . \|. 1 \. 1     1 
V 

l'orii    \     .1 .in.l  1 .\      .1 '      x     .'» 

Will  IT   2X        lul.il   ttllilll  ul   lir.llll   (MI-   Klf.1,.     Hi). 

(lii) 

(1!)) 

Thrlr  .11 r  l'uur  ^ilUl.il   l\ |)c.s  ul' Mijiillull.s   für thr.sc  r(|li;il iullS,   ail(l 

Ihrsr rcsullM .irr iipr.itnI in Kij;.   17.    Milutiuii  1 iilway« applies wlu-n 

N,./Nj i.^ If.^s than I.    Sulutiun 2 is iinsi.ihlr,   heilig ( ritic.ilis ilcpciuli-nt 

uii initial hr,mi width.    A.s N(./Nj heroines LIIIMIII- than I,  Solutions 

1,  2,  A,  or 1 can apply.    Sulutiun .i i.s shown as a (louhlr moth' solution 

tu tjcinonstratc that hi^lirr moilc solutions air possible.    Solution -1 is 

.1 stahlt' inuilr luit in.iv ilccas   into .1 Typ«'  1  or Tvpr .5 sulutiun and should 

be trrnnd oiil\   in.if/.'.in.ilis  st.ihlr.     It  is also shown that thci«' exists a 
maximum value of Nc/Nj bey und w huh .1 Tvpe 1 sulutiun 1 annot exist. 

The l-'aradav eup has been previously deseribed as bein^ used as a 
point eulleelur to make cilunmelne measurements thruu^houl the dis- 
charge region during the four modes of floating and ^roundin^ the 
chamber,   with and witlioul the use of the neiitrali/ei'.    This teehnique 
is crude in that no absolute v.dues can be established for ion and/or 

electron numher densities .     However,   the results predicted by the  re- 
search }<ruiip of NASA (Kef.   -1),   described above,   and the efficiency of 
the neutralization scheme could be observed by this lechni(|uc.    'j'lic 
results of sweeping the discharge with the h'araday cup in these four 
modes of operation are shown in Ki^s.   1-1 and  15.    ('ompariiiL; the re- 
sults in Figs,   l-la and b shows that in the grounded environment the ion 
beam is broadened when electrons for neulralizalion must be provided 
from secondaries from ground or charge exchange through the residue 
gas as in Kig.   Mb.     figures' Ma and 15u show the third solution of 
Kc]8.   (18) and (19) and show a  marked dependence of the ion beam on 
the ncutralizcr to establish :i discharge with densities comparable to 
those in a grounded environment when compared to Kig.   151). 
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2.5 EMISSIVE PKOBE 

Thf finis.sivf prubi- used wa.s a {/»-inch,  fivr-mil lim^.slfii wire 
fxpuHcd thi'Diigh Hit' fiui of .i (louhli- IIDII- ctTamif lubf.    Tht* flemcnt 
was bruu^lit lu »•missioii tiiiipcralurf and a vaiiablc pü.silivc puU*ntial 

applicii.    With this putriitial at zrru ami tin- clciucnt at «inissiun tt-ni- 
prralun- within the plasma.  Ihr clciucnt emits i-lcctrons lu the positive 
space putential,    As the voltage un the cmissivt- element is increased, 
the emission remains limited until the plasir i potential is approached 
where it passes to space charge limited emission and i^oes to zero as 
the applied voltage i-cpials the space potential. 

The introiliiction of electr'ons into the plasma stream can,   of 
course,   affect the neutralization of the discharge and quite possibly 
alter the mode of the discharge,  that is,   from Solution I to Solution ii 
of l-.'qs,   (IM) and (lü).     l-'or these reasons,   the emission was held at 
least one order of magnitude helow the N,. or I\j of KCJS.   (18) and (1SJ). 
Thus,  the positive section of tin   volt-ampere curve normally obtained 
with a single Lan^muir probe was obtained in the same order of mag- 
nitude as the emission of electrons.    Therefore,  this Lanymuir cur- 

rent was obtained with the emissive probe with the element not at 
emission temperature,   but with some heater current just below an 
emissive value in an effort to preserve a constant work function of 
the collecting element.    A typical graphical solution for plasma poten- 
tial using the emissive probe is shown in Fig.   18. 

An approximation of the floating potential is obtained if the log- 
arithm of curve C is plotted and the asymptotes are drawn through 
the emission limited and the space 'harge limited regions.    There 
has been no criterion set oil emission temperatures of the emissive 
probe; therefore,   a variation of heater current to the probe would shift 
the intersection of these asymptotes appropriately. 

An experiment was performed to determine the degree of correla- 
tion possible between space potential measurements with the positive 
ion probe and differential space potential measurements with the use of 
an emissive probe.    The lithium ion probe yields a measurement of the 

maximum positive potential (l/'max i" I'"ig.   K') that the ions must tra- 
verse in order to be collected.    Location of this point in any cross- 
sectioned slab is uniquely determined by use of the Faraday cup 
described above.    From the emissive probe,  one obtains the local 
space potential in the neighborhood of the emissive element. 

The positive ion probe was employed Just before and just after the 
sampling with the emissive probe and with the emissive probe removed 
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(vom tlu- .iiv.i of llu.s i rus.s sci'liuii.    Allhuu^li llnif \vi-i-t  srvrral 
iniiuiti-s of lime hciwicii tlu- samplinjis with ihc posiiivc ion probe, 
IIH* characloristii-.s wi-n- rfpi'alablr with a variation of a percent 
iiicasurii)^ .1 maxiimmi potfiitial in the beam of approximately 
|li() volts.    Tlir ffiliui'il il.it.i uf the cmissivf probt- iiuiicateil a poten- 
tial of approximatrlN   laU volts.    Huns \M n- mnl«- through the day, and 
values Wfiv takfii .it .1 cros.s siition approxiinati-l) tlut-c and a half 
iiulirs from thi" sour»c,  with .1 disiharyo of approximattdy ?;> inilli- 
amperrs ml into tin- uroundiil ihambfi" with thr muiraliziT off and an 
acceleration of 7UU volts.    Tlnsr .sample values Were rrpeatable with 
a variation of approximatelN   10 pereent. 

3.0  SUMMARY OF RESULTS AND CONCLUSION 

Two different sourees of ilireit-riirrmt plasma discharyes have 
been investigated.    The instrumentation of these discharges was 
directed toward familiarization and development of 'standard" meas- 
uring teehniques and methods of analysis.    The most encouraging 
developments were the degrees of correspondence obtained between 
different probes monitoring the same plasma property.    The correla- 
tion of Langmuir probe and l''arada\ imp measurements of ion density 
is thought to he quite aeeeptable,   ronsidering the individual accuracy 
and rel iahil ity of each instrument. 

Moth devices are limited in their usefulness in probing very 
dense and energetic ionized discharges because of kiss of the probe 
material.    Of course,   aiu  probe that must be placed within the dis- 
charge will disturb the plasma flow by particle interception and by 
field interaction,  thereby possibh changing the properties that the 
probe is attempting to measure. 

The correspondence between the emissive probe and positive ion 
probe in the measurement of the maximum beam potential is thought 
to be most worthwhile since by the use of the positive ion probe,   a 
plasma property and the general behavior of the discharge can be 
observed without the introduction of a foreign material into the beam. 
The possible problem of particle interaction with the use- of the posi- 
tive ion probe is now being investigated. 

The lithium  source and its vacuum system will be operated as an 
instrument calibration rig.    It is felt that a valuable experiment has 
been established where plasma properties are measured by several 
devices and correlation of these properties can be made to an 

1 1 
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ut'ci'ptubli' ilcyrri'.    Anv lU'W tfiliiiit|iif ur ilj-vii't« that will bi' devi'lopt'd 
for list- in brain sluilirs can bi* rvaluati'd In lomparison lu iiifa.siii,f- 
im-nts mailr bv the iiiHlrumi'iil.s iliseiiHHcci in tbis rcporl. 
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